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Abstract 
Residential buildings in Iraq consume 48% of the country’s total electricity product ion. As residential air-conditioning usage 
increases, so does the demand on the country’s electrical power infrastructure resulting in more frequent power cuts and rolling 
blackouts. This paper investigates the effectiveness of applying high reflective roofs to reduce the cooling loads of Iraqi houses 
and in turn electricity demand.  Previous studies have shown high reflective roofs are capable of reducing cooling loads by about 
45% compared to typical roof finishes for various climates. However, there are insufficient data for very hot and dry climates like 
that of Iraq. Findings from this study’s preliminary energy simulations indicate that high reflective roofs can provide a significant 
reduction in cooling loads compared to the typical roof finishes of Iraqi houses therefore potentially reducing the energy demand 
on the country’s energy infrastructure. 
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Fig. 1. Summary status of load distribut ion 
1. Introduction 
Buildings in  most countries are responsible fo r consuming large amounts of energy for cooling an d heating. 
Furthermore, cooling loads due to solar gains represent about half of the global cooling loads for residential and 
non-residential buildings [1]. The usage of air conditioners accounts for nearly 50–60% of energy usage [2]. While 
the supply of electricity is increasing, it  is unable to keep pace with rising demand. According to the Ministry of 
Electricity, Iraq is only generating 8,000 of the 13-15,000 megawatts of power currently required to meet Iraq’s 
needs. Thus, electricity is only available for 12 to 16 hrs/day. In Iraq, the use of mechanical and electrical systems in 
buildings is necessary to ensure a suitable indoor environment for occupants, especially during the summer. Use of 
these systems has led to an increase in building energy consumption. In Iraq, residential buildings are the main  
source of energy consumption, consuming 48 % of the total energy used  [3], see Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A recent study states that Iraqi buildings have very poor energy performance with no insulation, single glazing, 
and inefficient HVAC systems [4]. Houses in Iraq are often  attached to other houses on three sides, a factor that 
restricts the effects of solar rad iation on exterior walls. These attached/shared walls act like interior walls. Only  one 
façade is open towards the street. This front façade of the building contains a number o f climatic design elements 
such as balconies, horizontal and vertical canopies, and cantilevers. Fig . 2 shows the compactness and shared walls 
of modern dwellings in various residential areas within three major Iraqi cities. 
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Roofs are highly susceptible to solar radiat ion and thus can significantly influence the energy performance of 
buildings. Large amounts of heat gain and loss are attributed to roofs, particularly  in buildings with large roof areas 
[5]. Moreover, roof surfaces can account for 20-25% of the total urban surface. They can therefore be used to 
minimize the air and surface temperatures of urban areas [6]. In a typical two-story Iraqi house, the roof is subjected 
to intense solar radiation that transfers heat into the upper floor causing it to be the hottest area in the house and 
therefore is not often occupied by the occupants [7]. Although high reflect ive roofs have received wide 
consideration in the United States [8], little research has been conducted in Asia and especially in very hot and dry 
climates like Iraq. The goal of th is study was to give further verificat ion of using high reflective roof technologies 
by analysing and comparing how high reflective roofs can improve the energy performance of residential buildings 
in very hot and dry climates . 
 
A high reflective roof, which is also known as a white roof, a solar-reflective roof, or a cool roof, is one that 
reflects sunlight and cools itself by efficiently  emitting radiat ion to its surroundings. Compared to a conventional 
roof, h igh reflective roofs stay cooler, keep a lower roof surface temperature, and minimize heat transfer into the 
building. This system is often used as an energy saving alternative to a conventional dark roof [5, 9]. Two basic 
characteristics define the coolness of a roof: solar reflectance, which is reflectivity or albedo, and thermal emittance 
(TE), which is infrared emittance or emissivity [6, 10, 11]. 
 
Both properties are rated on a scale from 0 to 1 (or 0–100%), with 1 the most reflective or emissive [12]. 
Typically, conventional roofing materials have a solar reflect iveness of 0.05-0.25. A reflective roof coating can 
increase the solar reflectiveness to more than 0.60. The high reflect ive roof has numerous benefits over a 
conventional roof. First, it has financial benefits: since a cool roof reduces air conditioning use during the day’s 
hottest periods, the associated energy savings occur when the demand for electricity is at its peak.  Using a cool roof 
can drastically reduce the strain on the energy grid during hot summer months and potentially help avoid shortages 
that cause blackouts or brownouts in Iraq. When applied  at a large-scale, cool roofs contribute to a change of albedo 
in the cities, helping to mitigate the phenomenon known as “Urban Heat Island” [12]. 
 
In recent years, several studies have been conducted to evaluate the energy performance of buildings equipped 
with cool roofs in cooling dominated climates particularly in Europe. A study of an office building in London, UK 
examined the influence of reflective paint on a flat roof. The internal air, external air, and surface temperatures were 
monitored before and after the application of the cool roof during the summer. The results show that the open office 
was cooler by 2.7˚C after applying cool paint. Simulat ion results showed that the overall energy demand reduction 
was between 1 and 8.5% relat ive to an albedo of 0.1 for the same conditions [12]. A school located in Sicily, Italy  
a b c 
Fig. 2. (a) Al Zahra district, Mosul, Northern Iraq; (b) Al Mashtal quarter, Baghdad, Central Iraq; (c) Al Jamhoria district, Basrah, Southern Iraq 
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Fig. 3. Energy Plus simulation model 
showed a reduction of around 54% in cooling energy load when roof reflectance was changed to 0.82 [13]. 
 
A study examined the impact  of a cool roof applicat ion on indoor temperature, energy loads and surface 
temperature through experimental testing and modelling for a non-insulated school building located in Athens, 
Greece. The results of the analysis revealed that the annual cooling energy load reduction was 40% [14]. T. Xu et al. 
quantified energy saving effects of cool roofs on individual build ings by using the field-based analytical method. 
The study showed, when whitening previous black roofs, annual energy savings ranged between 20 and 22 kWh/m², 
corresponding to an air conditioning energy use reduction of 14-26%.  
 
Implementation of cool roof technology to uncoated concrete roofs, a 13 -14 kWh/m² energy savings can be 
reached annually, corresponding to cooling energy savings of 10-19% [15]. Kolokotsa et al. confirmed the 
effectiveness of cool materials applied to roofs through the application of cool material in a building located in 
Crete, Greece. Based on the analysis of the simulation results, energy conservation equal to 19.8% for the whole 
year and 27% for the summer period were obtained [16].  
 
Nomenclature 
BC Basecase scenario   
HRR  High Reflective Roof scenario 
MRR Medium Reflective Roof scenario 
LRR   Low Reflective Roof scenario  
SR Solar Reflectance  
TE Thermal Emittance 
SW South-West 
2. Research Design 
This simulation-based study used a typical 2-story dwelling unit typology widely used in Iraqi as the test building 
reference Fig.4. Energy Plus 8.1 was used to analyse the effects of cool roof technology on building energy 
consumption.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Simulations were divided into two stages. The first stage involved testing eight different orientations (W, NW, N, 
NE, E, SE S and SW) of the reference build ing to determine the most energy-consuming orientation. Based on the 
findings, the second stage involved the testing of three different cool roof scenarios (High, Moderate and Low 
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reflect ive roof). The house was modelled as a mult i-zone. Because houses are often attached to other houses on three 
sides, only the roof and south-west façade (found to be the most energy-consuming orientation) are exposed to the 
exterior, while the rest facades are adiabatic. The roof and wall thermal properties of the build ing envelope are 
summarized in Table 1. 
 
  Table 1. Thermal properties of structural materials for roof and wall 
         
 
 
 
 
 
The summer indoor set point temperature was set at 25ºC. The air-conditioning period was set based on the 
electricity supply, assuming the house is occupied all day. The regular availability of electricity in the summer 
season is up to about 16hrs/day. Since weather data suitable for use with Energy Plus program was not available for 
Baghdad, weather data for Yuma, Arizona was used as the nearest equivalent Fig. 4. 
 
Using the same reference house, four scenarios were simulated to compare annual energy consumption.  
x Base Case scenario (BS): conventional roof construction; the external layer has solar reflectance (SR 0.25), 
and thermal emittance (TE 0.9). 
x High Reflective Roof scenario (HRR): same layers of the previous finished with (SR 0.8), and (TE 0.9).  
x Medium Reflective Roof scenario (MRR): same layers of the previous finished with (SR 0.5), and (TE 0.9).  
x Low Reflective Roof scenario (LRR): same layers of the previous finished with (SR 0.3), and (TE 0.9). 
3. Results and Discussion 
Based on the orientation findings, south-west was selected as the most energy intensive orientation consuming 
21,805.29 kWh. The simulation results for stage one are shown in Fig.5.  
Composition Thickness (m) Density (Kg/m³) U-value (w/m²k) R-value (m²k/w) 
Concrete 0.150 2300 1.49 0.101 
Gypsum 0.020 980 0.36 0.056 
Clean Soil 0.100 1450 0.25 0.403 
Bitumen 20/30 0.020 1070 0.24 0.084 
Roof T iles 0.040 2240 0.85 0.047 
Cement 0.020 2050 1.08 0.019 
Brick 0.24 1200 3.54 0.282 
Fig. 4. Average temperature and humidity for Baghdad, Iraq and Yuma, Arizona 
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Fig. 5. Energy consumption by orientation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The same house (SW) was used to compare the four scenarios (stage two) based on the solar reflect ivity. The 
simulation results for the second step showed a considerable reduction in cooling loads p articularly in Ju ly and 
August between the comparison scenarios. Fig.6 shows the energy performance of different roofs.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HHR g ives the best results in summer, particularly in July and August, with a reduction of 25% and 24% 
respectively, and a 73% reduction of total annual energy demand. MRR reduces the cooling demand for July  and 
August by 10% each and a 12% reduction of annual net energy requirement. However, the LRR presents slightly 
different results compared with the Basecase; the annual total energy reduction shows only 1%. The high reflective 
roofing techniques all resulted in lower total energy consumption, HHR (15,926.305 kWh), MRR (19,394.802 kWh) 
and LRR (21,765.499 kWh), compared to the Basecase of 21,805.292 kWh 
4. Conclusion 
The target of this paper was to investigate the effectiveness of applying high reflect ive roofs in reducing the 
cooling loads of Iraqi houses and in turn electricity demand. This paper presented a comparison among different 
scenarios using different reflective roof techniques, which  were able to reduce the cooling load of a dwelling unit  in  
Iraq. Comparing the results of the energy efficiency gained by different scenarios demonstrated the efficiency of the 
Fig. 6. Energy consumption and energy saving with different SR values 
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cool roof technology in this region. The analysis of the simulation results shows energy conservation equal to 73% 
for the whole year by using high reflective roof characterized by SR 0.8 and TE 0.9. When applied at large -scale, 
high reflective roofs can contribute to a change of albedo in the cities, helping to minimize Iraq’s electricity power 
consumption and hence reduce the frequency of blackouts. 
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